Introduction
============

Tibial plateau fractures are generally classified according to the method developed by Schatzker[@B1]. Schatzker type V and VI fractures are high-energy fractures often accompanied by other injuries and complications, such as postoperative inflammation, wound problems and infections. They tend to have a poor prognosis. Various surgical approaches and fixation techniques have been developed to treat Schatzker type V and VI fractures. The preferred surgical approaches have been the anterolateral single incision and anteromedial/posterolateral bilateral incisions for easier reduction of fractures and better wound healing[@B2]-[@B8]. The midline longitudinal incision has been less frequently used because of the risk of wound problems and subsequent infections or retardation of bony union[@B3],[@B6]-[@B9]. However, it might be helpful for later salvage arthroplasty and could be considered in timing of fracture surgery[@B2],[@B3],[@B5],[@B7]. Several fixation methods could be used for tibial plateau fractures including unilateral fixation with a single plate, dual-plate, a hybrid external fixator or a less invasive stabilizing system (LISS)[@B2],[@B5],[@B7],[@B10],[@B11]. All of these techniques have strengths and weaknesses and there is no clear consensus on which leads to the best outcomes.

Although poor results of the midline longitudinal incision were reported in the past, there might be some difference with the results of recent cases as surgical techniques respectful of the soft tissue care have been developed. We studied the usefulness of the midline longitudinal incision as an alternative approach and dual-plate fixation among patients with Schatzker type V and VI tibial plateau fractures.

Materials and Methods
=====================

1. Patient Group
----------------

The total number of Schatzker type V and VI tibial plateau fractures was 23 between September 2007 and June 2010. Thirteen patients received an operation with use of a single plate or screw fixation and the remaining 10 patients with use of a midline longitudinal incision on the anterior knee and dual-plate fixation. We evaluated retrospectively the latter 10 patients. The average age of the patients was 51.6 years, the mean follow-up period was 33.7 months (range, 12 to 51 months), and there were 5 men and 5 women. The left knee joint was involved in 4 patients, and the right knee joint in 6 patients. A traffic accident was the cause of the fracture in all 10 patients. Injuries associated with the tibial plateau fractures included 1 case of femoral fracture, 2 cases of acetabular fracture, 1 case of calcaneal fracture, 1 case of open ankle fracture and 1 case of hip dislocation. Injuries associated with the knee joint included 3 cases of the medial collateral ligament injury and 3 cases of medial meniscal tear. There were 2 cases of Schatzker type V fractures and 8 cases of Schatzker type VI fractures, 2 of which were open fractures. Temporary external fixation was considered in patients with multiple injuries including suspicious neurovascular injury and severe swelling accompanied by angulation and/or shortening. There were 3 cases in which patients were temporarily given an external fixator prior to the treatment with the midline longitudinal incision and dual-plate fixation. Five cases needed an additional bone graft during the operation. The mean time between injury and surgery was 9.3 days ([Table 1](#T1){ref-type="table"}).

2. Surgical Operation and Rehabilitation
----------------------------------------

Patients were positioned supine on the operating table before receiving general or spinal anesthesia. The surgical view was prepared so that the area of operation, ranging from the knee joint to the tarsal joint, was clearly visible with a tourniquet placed around the proximal thigh. We used fluoroscopy to ensure that the total length of the tibia was visible when the patient\'s anterior knee joint was turned towards the front side, providing about 15° of rotation to the lower limb. We estimated the length of the skin incision to correspond with the length of the plate that would give full support to the region of the fracture.

A midline longitudinal incision was then performed on the distal to the knee joint. The resulting skin flap including the subcutaneous tissue and muscle fascia was lifted and the incision was extended to the anterior edge of the tibia. On the lateral side, we lifted the region ranging from the lateral joint line to the point at which the muscle of the anterior lower leg was visible. On the medial side, we lifted the region of the medial side of the tibia that was expected to contact the plate. We took great care not to damage the sartorius, the medial collateral ligament and the muscle fascia of the pes anserinus. The plateau of the tibia was exposed by lifting the meniscus after incising the meniscotibial ligament when closed reduction was needed for the articular surface. The proximal tibial metaphysis was exposed by lifting the muscle in the anterior compartment of the lower leg, and by incising the muscle fascia around the lower part of Gerdy\'s tubercle. In the case of subsidence of the articular surface, bone grafting was performed by creating a window in the metaphysis and tapping the area of subsidence in the articular surface with an elevator. In the case where there was no need to make a window due to severe pulverization of the metaphysis, indirect reduction through the fracture was performed. Temporary fixation using a K-wire was conducted as required, checking the alignment of the coronal plane and the sagittal section of the tibia and fracture surface. Reduction was maintained through axial traction. Overall alignment was maintained by fixing a screw in the distal and proximal parts of the plateau and securing a locking compression plate to the medial and lateral of the tibia. In the case of severe subsidence of the fracture, rafting screw fixation was also performed to prevent further subsidence. After the plate was fixed on the medial and lateral side of the tibia, screws were inserted alternately to avoid interference between screws. We used fluoroscopy to confirm the overall alignment of the tibia and reduction of the articular surface after the fracture was fully fixed. The incision of the skin and fascia were sutured layer by layer.

Patients received immobilization with a long-leg splint for 2 weeks after the operation. The stitches were removed about 2 weeks after surgery. Range of motion exercises using a continuous passive motion machine were started 2 weeks after surgery and were increased gradually thereafter. Weight bearing was attempted at 6 to 8 weeks after surgery, and the degree of bony union was periodically observed.

3. Evaluation Methods
---------------------

We evaluated the clinical and radiological outcomes as well as complications. Clinical outcomes were assessed with a visual analogue scale (VAS), the American Knee Society function score and range of motion of the knee joint[@B12]. Radiological outcomes were evaluated in terms of bony union and the reduction status of the tibial plateau. Bony union was defined as the radiologically proven connections of cortical bone in more than 3 cortices during the follow-up period. Nonunion was defined as the absence of union at 6 months after surgery[@B10]. Reduction status was determined by measuring the medial proximal tibial angle (MPTA) and the posterior proximal tibial angle (PPTA) by plain radiography[@B13] ([Fig. 1](#F1){ref-type="fig"}). PPTA was measured on the lateral view of the knee[@B14]. Clinical complications were recorded.

The mean and range for all continuous variables were obtained with SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA). Wilcoxon signed rank test was used to evaluate the difference of MPTA and PPTA between the operated knee and contralateral knee. A p\<0.05 was considered to be statistically significant.

Results
=======

At the final follow-up, the mean VAS score was 2.2 and the mean American Knee Society function score was 85 ([Table 2](#T2){ref-type="table"}). The mean range of motion of the knee joint was 122.5°. The mean flexion contracture was 2.5° and the mean further flexion was 125°.

Bony union occurred approximately 4 months after surgery. The average MPTA was 90.5° and the average PPTA was 4.4° in the postoperative radiographs. The angles had not shown statistically significant difference between the operated knee and the contralateral uninjured knee (p=0.075 for MPTA, p=0.116 for PPTA). There were no cases of reoperation due to delayed union or nonunion ([Table 2](#T2){ref-type="table"}).

There was one case (case no. 9 in [Table 1](#T1){ref-type="table"}) of delayed wound healing as a postoperative complication. This patient was carefully observed but it was determined that an additional operation was not required. Stitches were removed 4 weeks after surgery when the wound was healed. There were no cases of inflammation, infection or loss of reduction.

1. Case Report 1
----------------

A 40-year-old male patient was in a head-on collision and suffered a left tibial plateau fracture (Schatzker type VI) ([Fig. 2A](#F2){ref-type="fig"}, case no. 8 in [Table 1](#T1){ref-type="table"}) that was accompanied by an open fracture of the right calcaneus and ankle and a left acetabular fracture with a hip dislocation. It was suspected that the patient also had popliteal artery rupture and nerve damage, so open exploration of neurovascular structures and temporary external fixation were performed. A midline longitudinal incision and dual-plate fixation for the tibial plateau fracture and the open reduction and internal fixation of the acetabulum were performed 7 days after the injury ([Fig. 2B](#F2){ref-type="fig"}). Passive movement of the joints began 2 weeks after surgery. At the final follow-up, the flexion contracture was 10° and further flexion was 115°.

2. Case Report 2
----------------

A 58-year-old female patient was injured in a bus accident and suffered from a right tibial plateau fracture (Schatzker type VI) ([Fig. 3A](#F3){ref-type="fig"}, case no. 9 in [Table 1](#T1){ref-type="table"}). She also had injuries of the medial collateral ligament and medial meniscus underlying severe arthritic change. The injuries of the ligament and meniscus were managed with conservative care. A midline longitudinal incision and dual-plate fixation were performed 9 days after the injury ([Fig. 3B, C](#F3){ref-type="fig"}). The removal of suture material and passive movement of the joints were postponed because healing of the wound was delayed. Passive movement of the joints began 3 weeks after surgery and the suture material was removed 4 weeks after surgery ([Fig. 3D](#F3){ref-type="fig"}). At the final follow-up, the range of motion was 140° (range, 0° to 140°).

3. Case Report 3
----------------

A 48-year-old male patient was in a collision with a car and suffered a tibial plateau open fracture (Schatzker type VI) as well as a fracture of the fibula ([Fig. 4A](#F4){ref-type="fig"}, case no. 10 in [Table 1](#T1){ref-type="table"}). Temporary external fixation was performed one day after the injury ([Fig. 4B](#F4){ref-type="fig"}). A midline longitudinal incision and dual-plate fixation were performed 15 days after the injury ([Fig. 4C](#F4){ref-type="fig"}). Passive movement of the joints began 4 weeks after surgery. Bony union was achieved without any other complications and the implants were removed ([Fig. 4D](#F4){ref-type="fig"}). At the final follow-up, the range of motion was 110° (range, 0° to 110°).

Discussion
==========

We studied the outcomes of the treatment for high-energy Schatzker type V and VI tibial plateau fractures using a midline longitudinal incision and dual-plate fixation. The clinical and radiological outcomes were satisfactory and there were no complications except for one case of delayed wound healing.

A variety of surgical approaches have been used to treat tibial plateau fractures, including the anterolateral single incision, the midline longitudinal incision and the lateral and posteromedial dual incisions. The midline longitudinal incision and the lateral and posteromedial dual incisions are mainly used for high-energy Schatzker type V and VI fractures because these fractures require reduction and fixation of both medial and lateral condyles. The midline longitudinal incision refers to the method in which the size of the incision depends on the length of the plate and the skin incision starts from the upper pole of the patella. The midline longitudinal incision has the advantage of providing full exposure of the fracture with lifting of the soft tissue flap including the subcutaneous tissue and fascia, which helps ensure accurate observation and reduction of the fracture[@B3]. However, previous studies have reported that fixation with a midline longitudinal incision can lead to infection because this approach requires a wide exposure that can damage the skin and surrounding soft tissues[@B9],[@B15]. Proponents of the dual approach with lateral and posteromedial incisions have reported that this approach resulted in lower rates of inflammation and infection than the midline longitudinal incision[@B6]. The medial approach refers to the method in which the incision is performed at the rear boundary of the pes anserinus in parallel with the sartorius muscle. The anterolateral approach refers to the method in which the incision is performed about 1-2 cm lateral to the anterior boundary of the tibia; this approach has fewer wound complications because the soft tissues near the fracture site are protected. However, the lateral and posteromedial approaches also have wound complications, such as the delay in tissue healing and deep infection, though in a small number of cases[@B16].

A recent study suggests that the use of a hybrid external fixator to treat tibial plateau fractures leads to fewer complications of soft tissues than internal fixation[@B17]. However, an earlier study reported that the use of a hybrid external fixator also causes infection around the pin and knee joint[@B18]. A single lateral fixation is used for Schatzker types I, II, and III fractures and it leads to satisfactory outcomes. However, maintenance of axial alignment is difficult in high-energy fractures treated with a single lateral fixation; consequently, there is the potential for malalignment, leading to a varus limb[@B8]. Accordingly, dual-plate fixation that fixes both the medial and lateral sides is generally advocated. Horwitz et al.[@B4] reported good results of plate fixation of the lateral and posteromedial sides and antigliding fixation on the inside. Limbs treated with dual-plate fixation had less subsidence than limbs treated with a single lateral locking plate and dual-plate fixation had better mechanical strength compared with other fixations[@B19]. The degree of subsidence associated with the LISS method is not significantly different from that associated with dual-plate fixation[@B20]. However, a drawback of the LISS method is that it does not perform as well as dual-plate fixation in terms of reduction of the articular surface, surgery time and soft tissue irritation by the plate[@B10].

Many different approaches and fixations have been used for high-energy tibial plateau fractures. Previous studies reported that dual-plate fixation with a midline longitudinal incision in selected circumstances was used but it could lead to inflammation and infection caused by the damage to the surrounding soft tissues and the large size of the incision[@B2],[@B3],[@B5],[@B7],[@B9]. However, no patients experienced infection in our study and all patients achieved good reduction and satisfactory clinical outcomes. It can be attributable to the delayed timing of surgery with using a temporary spanning external fixator, the delicate soft tissue handling during the open reduction and internal fixation and the improved fixation hardware, such as a locking compression plate. These results could suggest that dual-plate fixation with a midline longitudinal incision can be an effective treatment for high-energy tibial plateau fractures.

Our study has some limitations. We only enrolled 10 patients and all patients were involved in some type of traffic accident. Consequently, it was not possible to determine how the mechanism of injury affected the characteristics of the resulting fractures. If our study had enrolled more patients, particularly those whose injuries were not the results of traffic accidents, our results could have been more accurate and generalizable by comparing the outcomes according to the mechanism of injury. Second, we did not enroll a control group, so we could not directly assess the relative superiority of the midline longitudinal incision and dual-plate fixation. Finally, subjects were only followed for a short period, so further studies will be needed to determine the long-term clinical and radiological outcomes.

Conclusions
===========

The treatment of Schatzker type V and VI tibial plateau fractures with a midline longitudinal incision and dual-plate fixation of the knee joint resulted in satisfactory clinical and radiological outcomes in the current case series. This method can be considered as one of the possible treatment approaches for high-energy Schatzker type V and VI tibial plateau fractures.
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![(A) The medial proximal tibial angle was measured between the axis of the articular surface of tibial plateau and the anatomical axis of the proximal tibia on the anteroposterior view of the knee. (B) The proximal posterior tibial angle was measured between the articular surface of medial tibial plateau and the perpendicular line to the anterior cortical margin of the proximal tibia on the lateral view of the knee.](ksrr-25-77-g001){#F1}

![Case report 1 (case no. 8 in [Table 1](#T1){ref-type="table"}). (A) The initial radiographs showed a severe comminuted fracture of the proximal tibia and fibula. (B) The postoperative radiographs at the seventh postoperative day showed fixation by dual plating on the medial and lateral sides.](ksrr-25-77-g002){#F2}

![Case report 2 (case no. 9 in [Table 1](#T1){ref-type="table"}). (A) A severe comminuted fracture of the proximal tibia was shown. (B) Intraoperative fluoroscopic images showed manipulation of the fractured fragment with a periosteal elevator. The reduced fragment was held in place with a reduction clamp. (C) The immediate postoperative radiographs showed fixation by dual plating through a midline incision. (D) (a) Delayed wound healing occurred. Marginal necrosis was observed at 7 days after surgery. (b) Complete healing of the wound was obtained without any further procedures at 4 weeks after surgery.](ksrr-25-77-g003){#F3}

![Case report 3 (case no. 10 in [Table 1](#T1){ref-type="table"}). (A) The preoperative radiographs of the involved knee revealed a severe comminution and valgus deformity. (B) The radiographs after application of the external fixator apparatus showed the corrected alignment. (C) The immediate postoperative radiographs showed dual plating on the medial and lateral sides. (D) The final follow-up radiographs after removal of the internal fixation device showed sound bony union and good alignment.](ksrr-25-77-g004){#F4}

###### 

Subject Demographics
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R: right, L: left, TA: traffic accident, Ped: pedestrian, MA: motorcycle accident, MCL: medial collateral ligament, MM: medial meniscus, Fx: fracture, D/L: dislocation.

###### 

Clinical Outcome
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MPTA: medial proximal tibial angle, PPTA: posterior proximal tibial angle, VAS: visual analogue scale, FC: flexion contracture, FF: further flexion, KS: Knee Society.
